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INTRODUCTION

The Caiifbrnia Department of Transportation (Caltrans) is involwed
with aﬁAair monitoring program in order to assess the regional
impact;of transportation systems on air quality. The present
prograﬁ'utilizes two air quality vans, one located in Los Angeles
and the other in the San Francisco bay area. Each van has the
capability of monitoring carbon monoxide (CO), hydrocarbons (HC),

- oxides of nitrogen (NO,), ozone (03), and particulates on a contin-
uous basis. To supplement these measurements an extensiwe air
sampliﬁg Program using bag sampling techniques has been employed
for the last two years, Bag sampling is presently used for CO only.
ScotchéPak, an aluminized polyester bag material, has been used
in the past due to its availability and inertness to CO. However,
Scotch%Pak is no longer manufactured and a suitable replacement
material must be considered, The primary objective of this study
was to ‘examine the feasibility of using Tedlar, a fluorinated hydro-
carbon;material as a substitute for Scotch-Pak. A second objective
of this study was to determine the feasibllity of using Tedlar for
bag sampling hydrocarbons under field conditions.

All pollutant samples were taken from bottled synthetic mixtures

of hydrocarbons and carbon monoxide. The initial CO concentrations
rangedffrom 10 ppm to 30 ppm and the reactive hydrocarbon (RHC)
congentrations ranged from 2.8 to 3.0 ppm, The pollutant samples
were sﬁbjected to either room storage conditions or to ambient
storage conditions prior to analysis.

AR
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ST CONCLUSIONS

Based on the analyses of data for this study, the following
conclusions were reached for bags filled with a mixture of synthetic
air and the pollutant of interest.

1. The concentrations of both carbon monoxide and reactive
hydrocarbons are independent of

.bag material used (Tedlar and Scotch-Pak)
.bag storage time (up to 6 days)

.environmental storage condition (room storage or
ambient storage)

2. Samples containing RHC or CO in synthetic air can feasibly
be collected and stored in Tedlar bags for periods up to 6 days.
During this period the bags may be stored in either a room or an
ambient environment without significantly affecting the
concentration of RHC or CO. |
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IMPLEMENTATION

Based upon this study, it was determined that Tedlar bag material
is a suitable substitute for the currently used Scotch-Pac
material when sampling for CO. Therefore, it is recommended

that Tedlar be used on all future CO bag sampling studies.

For hydrocarbona, it is recommended that an in-depth study be
conducﬁed because this study used synthetic gases which do not
accurately simulate ambient air. This in-depth study should
be all‘inclusiVe and have a pufficient number of data points
to establish better statistical confidence. BAmbient air samples
shouldfbe used and exposed to field temperature fluctuations
without direct sunlight exposure. This will simulate typical
field %ampling procedures. Replication of the study should be
made for varicus ratios of ambient RHC and NO concentrations,
This type of detailed study must be made before field sampling
of RHC can be performed with any degree of accuracy.
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BACKGROUND

ggdrocarbons

Natural background concentrations of atmospheric hydrocarbons (HC)
occur at a level of about 1.6 parts per million (ppm) by volume,
of which approximately 1.5 ppm is mathane. However, urban
concentrations have reached maximum hourly values of 8-17 ppm

of total hydrocarbons (THC) with approximately half being methane|[l].

Natural sources of nonmethane hydrocarbons are mostly from the
decomposition of organic material. Worldwide technological

sources of nonmethane hydrocarbons amount to only 8% of the natural
sources and include motor vehicles (49%), industrial procesees (16%),
organic solvent evaporation (10%), forest fires {(7%), solid waste
burning (5%), gasoline marketing (4%), and other miscellaneous
sources [2].

Total hydrocarbon concentration measured in ambient air is
meaningless unless the methane concentration is also measured.
Although there are over 80 known hydrocarbon compounds, with
varying degrees of reactivity, in ambient urban air, methane
is said to represent the main portion of the non—reactive

hydrocarbons,

It is the reactive (nonmethane) portion of the THC which is of
concern in air qguality. Although there is little evidence to
indicate direct health effects of the hydrocarbons in the ambient
air[3], hydrocarbons play an essgential role in the formation of
Photochemical smog. This was considered by the Environmental
Protection Agency (EPA) in setting the maximum allowable conw-
centration for the National Ambient Air Quality Standards. EPA
found that an early morning RHC concentration of 0.3 ppm would
likely produce a photochemical oxidant concentration of 0.10 ppmill].
Since the one hour oxidant concentration standard was set at 0.08
ppm, the RHC standard was set at 0.24 ppm,
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" Carbon Monoxide

Carbon monoxide (CO) is a colorless, odorless gas which is
generaﬁed primarily by the combustion of fossil fuels in
automobiles. Natural background concentrations of {CO) are
estimated to be about 0.1 ppm while urban concentrations range
from 2 to 40 ppm with short-term peaks as high as 100 ppm
where automobiles are heavily concentrated([4]. Studies made
by the Transportation Laboratory in measuring the temporal and
spatial distribution of CO alony freeways in Los Angeles have
also confirmed these figures[5].

The primary health concern of CO is due to its direct toxic
effect on humans. Red blood cells, each of which are made up
of many millions of molecules of hemoglobin, normally exchange
carbonidioxide (Coz) for oxygen (02) through the alveclar cells
of the lung. However, the hemoglobin molecule has an affinity
for CO which is 210 times greater than it is for O,. Thus a

CO molecule is acquired by the hemoglobin in place of an 02
molecule and is called carboxyhemoblogin (COHb).

An exact threshold effect from CO is difficult to measure, but

as little as 2% COHb can affect a person's ability to estimate
time iﬁtervals[ﬁ]. At about 5% COHb, wvisual sensitivity in the
dark is reduced. A 5% COHb is the approximate level maintained

in thefblood when a person is exposed to 9 ppm CO for 8 hours

or 35 épm for 1 hour, the current Federal standard. It has been
observéd that smoking one package of cigarettes a day will produce
COHb levels of about 5%[3].
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EXPERIMENTAL PROCEDURES
'_-_-—-——u—-_.—._.-___.____

The purpose of the study was to determine if any of the following
variables significantly changed the initial sample concentrations

- of carbon monoxide and/ox hydrocarbonsi l) Bag material, 2) time,

and 3) initial sample concentration., Ambient storage vs. room
storage conditions were congidered for all variables mentioned
above, '

Two bag materials were used in the gstudy, both of which are
eonizidered inert to most ambient gaseous pollutants. "Scotch-Pak",
an opague aluminized pPolyester product, was tested against "Tedlar",
& transparent material made from fluorinated hydrocarbons. The

bags made of Tedlar were transparent. This allowed the gages in

them to be subjected to ultra~violet radiation when placed in ambient
conditions,

The bags were filled with two different synthetic mixtures of

gases. These gases were obtained from cylinders supplied by Bert
Lovell and Sons of Sacramento and had previously been calibrated by
the Air and Industrial Hygiene Laboratory of the California Department
of Health, Berkeley. One mixture contained 31 ppm CO and 4.9 ppm
THC (2.8 ppm RHC and 2.1 pPpm methane) in dry nitrogen. The other
mixture contained 10 ppm CO and 7.2 ppm THC (3.0 ppm RHC and 4.2 Ppm
methane) in dry nitrogen. fThe bags were filled directly from the gas
cylinders with a section of teflon tubing., Thaey were also emptied
by means of a tefloﬁ tube connected to the analyzer. Teflon tubing
was used because of its inert characterigtics. The hydrocarbon
measurements were made with a Bendix Model 8201 Flame Ionization
Detector (FID) Gas Chromatograph. This instrument is accurate

to within 1% of full scale or +0.1 ppm. All CO measurements

were made with a Beckman 315(A) long path nondispersive infrared
analyzer (NDIR) which has an accuracy of 1% of full scale or

wwvw fastio.com B - L L L
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fpls ppm. Each bag tested was new and had no preconditioning.
The bags were filled within approximately an one-hour period,
Half of the bags were stored outside for sunlight exposure
(tempefature range 50°~90°F) and the other half werxe stored
inside at room temperature (65°-75°F),

See Figure 1 for a schematic of the sampling procedure used. The
concentration ranges for RHC and CO uged in this study were based
on actual field measurements made by the Transportation Laboratory
along freeways in the Los Angeles area[5]. Therefore, the con-
centrations selected are representative for typical CO and RHC
levels - that exist in large urban areas.
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" EXPERIMENTAL RESULTS

The experimental data obtained in this study are listed in Table

1. This table shows the reactive hydrocarbon (RHC) and carbon
monoxide (CO) concentrations versus time for the two bag materials,
the various initial concentrations, and storage conditions., The
blank ‘gpots indicate where no measurement was made because one of
the cylinders ran low on gas. The limited amount of gas restricted
the total number of samples which could be analyzed. It was expected
that the room storage condition would show an initial concentration
change less than the ambient storage condition due to minimal
temperature changes and no sunlight exposure. For thig reason,
these samples were not analyzed until the 48th hour of the study

in ordexr that a later concentration change might be detected,

Data followed by a "*" means these data points were estimated

in ordér to provide a complete data matrix. The matrix must be
complete in order to statistlcally analyze the results using
regression analysis and analysis of variance. The missing data
points were estimated by visual inspection and interpolation
(averaging) of the surrounding data. The figures in the Appendix
show the plots of the data so a vigual check can be made to sece
how the concentrations varied with time,

10

wavwfastio.com


http://www.fastio.com/

CSISATYNY VIILSILYLS ¥ILINWOD HOAD NOTLIGNOI m_w,qmmwm._.mwuww._mwwwowmm&wﬁ“M _M_W_MM
NOTLVHLINIDINGD GILVYWILSE = NOILVHLNIONOS ¥3MOT = 29
NOIL1WHINIOINOD ¥3AHOIH = T2

6 - 01 | =6 26 01 6 b 6 01 6 01 01 01 01 01 0t 0T | WOOW ¥v1Q3L 02z2

8z | 1 61 | xiT 91 ST #1 71 z1 z1 Z1 11 11 1t 11 11 01 01 AWy ¥v103L 022D
=5z | £2 zz| Lt | =%z 6z 0¢ ¢ B2 | =0% %0¢ 31 15 | WOOM dAvig3l 0212

9q | Oh 65 [ c¢ L€ i€ £f ¢ 2§ £¢ 43 4 1¢ 39 [4 £¢ 31 44 1¢ Wy ¥v1daL 0219

6 01 6 6 g 8 6 6 ot | 076 01 01 6 0t o1 01 01 01 0T | WOO¥ HDL02S 00222

8 £ 8 |08 [x0"6 56 | §'6 | 5°6 01 01 01 01 01 01 01 01 | o1 o1 WY HIL0DS 0222

82 62 - 0% [£- 0g cm. 2} bz 20¢ %0¢ 153 T¢ | WOOYW HIL02S ©D1ID

1€ | 1¢ 0£ | 0% | 0% 0¢ 1¢ 8% 1¢ 82 1€ 0 0¢ 1€ i 1¢ 43 1§ 1 Wy H31035 0312
#8E | 961 | ZLT| 84T | zwi | §2I LL 0/ 1 84 82 T4 zZ 01 8 9 } z i

C(S¥NOH) FWIL o
(Wdd) :¥lva o 2 -

6°% | k"2 | T'T | ®'T |uStz | L2 | €2 |92 |92 sz |92 |tz |t iz Vie |te {2z |L'z | 8tz | wood wylgal IHEZD
9°¢c |8z | 05| sz | 82 't | Lt 8¢ Lg | Lz | LT |LT |Le |2tz |9z |2z |1z | 8z Wy ¥v1g3r  JHZD
x6°2 | §°2 | §'2|8'2 | 8¢ | 0°¢ | 9% | 0°% | 0°% | 6°C | 62 L0 "€ I°¢ | 0% | WoOd ¥y1Q3aL JHID
0°h €' | €'¢]os | 2°¢€ | %°¢ |82 | 1°¢ jog} 0o'g Jog |og |o°g [1°¢ [t¢ |t1°¢ |og Jo¢ | o¢ gWy ¥v1gdal JHID
6°¢z|9'¢ | 9'¢z|w'g | 9z )9z |¢€¢z 9% |2z Lz oz 9w s |20z |2z {2z |4z |8z | 8°2z] wWood HOLODS DHZD
gz €'z ywg|ee| 9% | vz | wE | sz |2Lg| 9% fLe lez g |z {8z sz |8z |8z ]| 8z gWy HJLOJS JHZD
z'e|og | oelog} 92 | 1°¢ 0's | os | 0o'g | o¢ 0% T°¢ | 0°¢ | Woo¥ HIlods OHID
n'g | 1°€°16°¢ | 6'z | 0°¢ L'z | 0g |z | 0°€ | 6°2 |0°€ [0°f |T°¢ 1€ [1°€ |0°¢ |0°€ | 0% 8WY HOLODS OHID
#8E | 961 |ZLT | 891 | 2#1 | &zZI tL 0L 78 &h 8z 4z Zz 01 8 9 f 4 0

(SANOH) IWIL
(Wdd) YLvaG JHY

AWIL FIVHOLS IVE “SA NOLLVHLNIINGD 00 ANV JHY
1 379vl :

-0m

[10.c

wavw fas

“hibPDF -


http://www.fastio.com/

ClihPD

DISCUSSION OF THE RESULTS

B — !
From;the béginning of the data analysis, plots were made of the
measuréd CO and HC concentrations versus time so any temporal
txendsfin the data would be noticed, It soon became apparent that
the de@radation, if any, was very small between sample analyses,
Therefbre, the time between sample analyses was lengthened so a
longer total span of time could be covered. The CO data for

the saﬁe-time'period also did not indicate any degradation.

This was expected, based on results from previous unpublished CO
bag studies made by the Air Quality Unit of the Transportation
LaboraﬁoryLSJ. |

Tﬁé:fgﬁr statigtical tests which were used to analyze the data are
as‘foliows=' (1) Wilcoxon matched-pairs sign rank test, (2) t test,
(3) an&lysis of variance, and (4) least squares linear regression
analysis. It is important to keep in mind that a statistically
significant difference may not be physically important and therefore,
not si&nificant frxom a practical point of view. The Wilcoxon

‘matched sign test and t test were used to determine whether a

significant'difibrence in pollutant concentration existed between
the bag materials at thé five percent level of significance, The
Wilcoxon test is a non-parafietric test which considers the magnitude
of the differences within pairs of data. The null hypothesis assumes
there is no significant difference between the bag materials.

The results of the'Wilboxon'analyses are shown in Table 2,

12
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TABLE 2

WILCOXON MATCHED PAIRS SIGN RANKED TEST

Unable to Apply Test

Do Not Reject . " Reject Null - " '{Liess than 5 Differences
Null Hypothegis - " Hypothesis “in Data Pairs)

ClHC Ambient ClCO ambient ClCO Room

ClHC Room C2C0 Ambient C2CO0 Room*

C2HC Ambient

C2HC Room

*C2CO room: There were only 4 differences in 14 pairs of data
which indicates that the null hypothesis would not be rejected.

13
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i “fﬁ%'é“tééﬁﬁfbk paired &éta was also used to determine if a

significant difference existed between the two bag materials.
Table 3 shows results of the F test, t test, and t test for paired
data. The P test was applied prior to using the t tests in order
to determine if the variances of the samples were significantly
differént. The t test assumes that the variances are not
significantly different. As seen in Table 3, the ClCO Room, ClEC
Ambienﬁ and CLHC Room groups were the only cases in which a
significant difference between pairs of data was not measured
statisﬁicallj. However, three of the five failures did not

pass the F test which indicates that the t test cannot be
applied to the data,

Next, the analysis of variance test was used in order to determine
if any parameter such as bag material or environmental storage
‘condition had any significant effect upon concentration during
storagé time. Thie analysis considered the following four
variabies: (1) time (random); (2) environment (fixed-either
rooem or ambient) ; (3) cencentration (random); and (4) material
(fixed - either Scotch-Pak or Tedlar). Each of these variables
were compared with the observed concentration and then with all
possible combinations of the othex variables in the following
manner; where T, E, C, and M represent time, envirommental
condition, concentration and bag material respectively:

cT
CE
cM
CET
CMT
CMET

14
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F-ratios were calculated at the 53 level of significance. No
significant F~ratios were obtained by comparing concentration with
the other variables. Statistically this means that, at the 5%
level of significance, the concentrations (both CO and HC) are
indepehdent of time, bag material and environment.

Finall&,_linear regresgsion analyses were applied because visual

inspection of graphs of the data indicated a linear relationship

betweeﬁ’concentration and time. The data were analyzed twice:

once to compare all data (0~384 hours) and once to compare the

first 148 hours or 6 days. The six day analysis was made because

under normal conditions ambient bag samples would never be kept

more tﬁan 6 days, However, since the data were available, an

analyszs was also made for 16 days (364 hours). There was

actually very little difference between the 6 day analysis and

the 16 day analysis, Table 4 is a summary of the 6 day regression

analysis, CO had five significant F-ratios and HC had three. The

greatest slope for CO was (.044 ppm per hour increase or approximately

a one ppm increase per day for the low (10 ppm] concentration.,

This change occurred using the Tedlar bag under ambient conditions.

The oniy significant slope for the RHC samples was a 0.0087 ppm/hr

or 0.2l ppm increase per day using the Scotch~Pak bags under

ambient conditions., This change was approximately a 7% increase

per da§'OVer the original RHC concentration and appears to be

significant when compared to the Federal Air Quality Standard

of 0.24 ppm. However, typical ambient concentrations of RHC as

meaéuréd by Caltrans in the Los Angeles Basin are on the order of
10 timés the Federal Standard, In this light, the daily concentration

changefappears somewhat less significant. Also, normal bag sampling

does nét expose the samples to sunlight. The maximum change in

RHC concentration observed under room conditions was an insignificant

Q.04 pgm decrease per day,
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In”éﬁmmary, tﬁg"stétihﬁid&lhénalysés of the data indicated that the
concentrations of both CO and RHC are independent of bag materials
tested, storage time and envirommental storage condition. This
study should be repeated by an in~depth study which uses actual
ambient air samples. These ambient samples would contain various
reactive pollutants which might cause reactions within the samples.
This would gimulate actual field conditions.
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 APPENDIX
GRAPHICAL PLOTS OF DATA

entrations vg, Time

High and Low CO Conc

”CO“ScotchrPak'-ﬁhmﬁient_vs. Time

CO Scotch-~Pak = Room vs, Time
CO Tedlar ~ Ambient va. Time
CO Tedlar - Roort va, Time

High HC Condentvation wa, Time

HC Stotch-Pak - Ambient vs. Time
HC Scotch~Pak « Room wg, Time

HC Tedlar - Ambient va, Time

HC Tedlar - Room vs, Time

Low HC Concentration ve. Time -

HC Scotch-Pak -~ Ambient va, Time
HC Scotch~Pak = Room vs. Time
HC Tedlar = Mmbient vs. Time

HC Tedlar = Room va. Time
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